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Abstract

Background/Purpose It has been reported recently that

adjuvant gemcitabine prolonged postoperative disease-free

survival in patients with resectable pancreatic cancer.

However, the efficacy was limited and further studies are

required to improve the prognosis. In particular, postop-

erative hepatic recurrence often occurs even after gemcit-

abine treatment.

Methods We are currently trying to evaluate the efficacy

of postoperative combination therapy of high-dose 5-fluo-

rouracil (5-FU) arterial infusion with systemic gemcitabine.

Patients received weekly high-dose 5-FU through the

hepatic artery using a port-catheter system (1000 mg/m2 for

5 h) plus concurrent systemic gemcitabine (1000 mg/m2).

Results Thirty-one patients were enrolled and 29 patients

(94%) completed the scheduled adjuvant chemotherapy.

The toxicity was acceptable and this regimen was well

feasible as an outpatient treatment. At the time of analysis,

21 patients (68%) had recurrence. Local recurrence was

most frequently observed, in 43% of the patients with

recurrence. On the other hand, hepatic recurrence devel-

oped in only 2 patients (10%). The 1-year disease-free rate

and overall survival rate were 62.9 and 100%, respectively.

Conclusion Our novel adjuvant strategy had a significant

beneficial effect on early hepatic recurrence and may have

the potential to prolong the overall survival of pancreatic

cancer patients.
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Introduction

Pancreatic cancer remains a challenge to clinicians, because

the prognosis is still extremely poor [1]. Although only

surgery offers a hope of complete cure, a number of patients

often develop early recurrence even after curative-intent

surgery [2–4]. Currently, gemcitabine is widely used as a

standard systemic chemotherapy for unresectable pancreatic

cancer [5, 6]. Furthermore, two recent randomized con-

trolled trials (RCTs), both phase III, from Europe [Charité

ONKOlogie Clinical Studies in GI cancer (CONKO-001)]

and Japan [Japanese Study Group of Adjuvant Therapy for

Pancreatic Cancer (JSAP-02)], have successfully demon-

strated similar results, in that the use of gemcitabine as

adjuvant chemotherapy significantly delayed postoperative

recurrence [7, 8]. However, the clinical efficacy of adjuvant

gemcitabine is limited and the patient prognosis remains

unsatisfactory. Therefore, a new therapeutic strategy needs

to be established to improve the prognosis of pancreatic

cancer patients.

It is well recognized that the most common site of

recurrence after curative resection for pancreatic cancer is

the liver [3, 9–14]. In particular, hepatic recurrence often

develops early in the postoperative period and becomes a

direct cause of early death [13–16]. The two RCTs of

adjuvant gemcitabine treatment cited above have reported
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that approximately one-third of the initial recurrence was

liver metastasis [7, 8]. Importantly, the incidence of liver

metastasis as the initial recurrence did not differ between

the gemcitabine and control groups in both these RCTs

[7, 8]. Thus, in order to further prolong the patient prog-

nosis, early postoperative hepatic recurrence is clearly a

critical issue that needs to be overcome.

We are currently trying to establish a new postoperative

strategy to prevent hepatic recurrence and prolong patient

survival after pancreatic resection for pancreatic cancer. To

this end, we have employed hepatic arterial chemoinfusion

(HAI) of high-dose 5-fluorouracil (5-FU) combined with

systemic infusion of gemcitabine. In this study, we evalu-

ated the effect of this combination therapy, in an adjuvant

setting, on early recurrence.

Patients and methods

Between March 2006 and March 2009, 31 patients who

underwent macroscopically curative resection of pancreatic

cancer were enrolled in the study. Patients were not eligible

for this study if they had other concomitant malignant dis-

eases, active infection, history of any preoperative antican-

cer therapies, positive peritoneal cytology during surgery,

distant metastasis (except for distant lymph node metastasis

confirmed by a resected specimen), clinically significant

pleural effusions, or any serious systemic disorders. All

patients provided written informed consent before study

enrollment according to the rules and regulations of our

institution. When the patients had recovered from surgery

and were pathologically diagnosed as having invasive ductal

adenocarcinoma of the pancreas, a port-catheter system for

HAI was installed by experienced interventional radiolo-

gists, as previously reported [17, 18]. In brief, an anticoag-

ulant-coated tapered 5F indwelling catheter with a manually

made side hole (Anthron PU catheter; Toray Medical,

Tokyo, Japan; or W-Spiral catheter; Piolax Medical Devices,

Tokyo, Japan) was inserted from the femoral artery. In

patients with a distal pancreatectomy, the catheter tip was

introduced into the gastroduodenal artery with fixation using

metallic coils (Tornado; Cook, Bloomington, IL, USA) and

the side hole was positioned in the common hepatic artery. In

patients with pancreaticoduodenectomy or total pancrea-

tectomy, the catheter tip was introduced deeply into the right

or left hepatic artery and the side hole was positioned in the

proper or common hepatic artery. The proximal end of the

catheter was connected to an implanted port (Celsite Port;

Toray Medical) that would be embedded subcutaneously. To

achieve maximum efficacy of the HAI chemotherapy while

avoiding adverse effects, the unification of hepatic artery

blood supply was attempted as described previously [18].

Blood supply alteration was performed in 9 patients (29%).

The postoperative chemotherapy regimen consisted of

weekly HAI of high-dose 5-FU and systemic infusion of

gemcitabine. Patients received 6 cycles of gemcitabine

every 4 weeks. Each cycle consisted of 3 weekly infusions

of gemcitabine 1000 mg/m2 given by intravenous infusion

for 30 min, followed by a 1-week pause. In the first 3

cycles, concomitant 5-FU 1000 mg/m2 was given by HAI

for 5 h. For the 5-h HAI, a portable pump (DOSI-FUSER;

Leventon, Barcelona, Spain) was used. To confirm the

proper condition of the port-catheter system, drug distri-

bution into the whole liver, and the condition of the hepatic

artery and liver, computed tomography and angiography

via a reservoir system were performed after each cycle of

HAI. The catheter management and HAI were performed

by interventional radiologists in close communication with

surgeons. After the patients’ completion of the HAI,

computed tomography was performed every 2–3 months to

assess postoperative recurrence.

Adverse events were assessed according to the Common

Toxicity Criteria of the National Cancer Institute (version

3.0). Stage classification and the evaluation of resected

specimens were performed according to the sixth edition of

the TNM classification system of the International Union

against Cancer. Survival estimates were calculated by the

Kaplan–Meier method.

Results

Patient characteristics

Thirty-one patients were pathologically diagnosed with

invasive pancreatic adenocarcinoma (Table 1). Eight

patients (26%) had a microscopically positive margin (R1).

Eighty-three percent of the patients were classified as stage

IIA or IIB. Three stage IV patients with paraaortic lymph

node metastasis were also treated with this protocol. Nodal

involvement was identified in 61% of the patients. The

median follow-up period was 20.5 months (range 6.0–45.4

months). Twenty-nine patients (94%) were followed up for

more than 1 year after surgery.

Toxicity

The regimen was well tolerated and feasible as an outpa-

tient treatment. A total of 26 patients (84%) experienced

any grade 3 or 4 toxicities. The details of major toxicities

observed during the treatment are shown in Table 2. The

incidence of grade 3 and 4 adverse events seemed to be

almost equal to that in one of the previous reports on

adjuvant gemcitabine [8]. Although severe leukopenia and

neutropenia were frequently observed, the patients recov-

ered promptly without complications after 1-week pause in
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the treatment. Grade 2 liver dysfunction (aspartate ami-

notransferase [AST]/alanine aminotransferase [ALT] ele-

vation) was found in 7 patients (23%). Liver abscess

developed in only one patient during the treatment. She

was conservatively treated and completely cured. She

received all adjuvant treatments thereafter. Twenty-nine

patients completed the scheduled adjuvant chemotherapy.

Of the other two patients, one refused to continue with the

adjuvant chemotherapy after 7 doses of treatment, due to

diarrhea that seemed to be related to nerve dissection. The

other patient developed peritoneal metastasis with massive

ascites after 4 doses; the treatment was switched to sys-

temic chemotherapy with gemcitabine and S-1. These two

patients were included for further analysis.

Postoperative survival and recurrence patterns

At the time of analysis, 21 patients (68%) had recurrence

(Table 3). The most frequent site of initial recurrence was

local, in 43% of the patients with recurrence, followed by

the lung in 24%. The median time to recurrence was

8.4 months for local relapse and 13.3 months for lung

metastasis. On the other hand, hepatic recurrence was

identified in only 2 patients (10%) and the time to metas-

tasis was 11.5 months. The 1-year disease-free and overall

survival rates were 62.9 and 100%, respectively, while the

estimated median disease-free and overall survivals were

14.8 and 37.7 months, respectively. The estimated overall

survival rates were 100% at 1 year, 69% at 2 years, and

55% at 3 years (Fig. 1).

Discussion

Liver metastasis after surgical resection for pancreatic

cancer is the most frequent pattern of distant recurrence. To

Table 1 Patient characteristics

Characteristics

Age (years) 63.5 (range 33–80)

Gender (male/female) 19/12

Operative procedures

Pancreatoduodenectomy 20 (64%)

Distal pancreatectomy 9 (29%)

Total pancreatectomy 2 (7%)

Resection status

R0 23 (74%)

R1 8 (26%)

Pathological stage

IB 2 (7%)

IIA 10 (32%)

IIB 16 (51%)

IV 3 (10%)

Tumor status

T2 3 (10%)

T3 28 (90%)

Nodal status

N0 12 (39%)

N1 19 (61%)

Histological grade

1/2/3/4 16/13/1/1

Table 2 Grade 3 and 4 adverse events

Toxicity Grade 3 Grade 4

Nonhematologic

Diarrhea 0 (0%) 0 (0%)

AST/ALT 0 (0%) 0 (0%)

Liver abscess 1 (3%) 0 (0%)

Hematologic

Leukopenia 9 (29%) 0 (0%)

Neutropenia 12 (39%) 9 (29%)

Anemia 4 (13%) 0 (0%)

Thrombocytopenia 3 (10%) 2 (6%)

AST Aspartate aminotransferase, ALT alanine aminotransferase

Table 3 Patterns of initial recurrence

No. Percentage Time to recurrencea

Liver 2 10 11.5

Local 9 43 8.4

Lung 6 29 13.3

Peritoneum 3 14 14.8

Other 8 38 14.6

a Median time to recurrence from surgery (months)
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Fig. 1 Overall survival of 31 pancreatic cancer patients treated with

weekly high-dose 5-fluorouracil (5-FU) through the hepatic artery

plus concurrent systemic gemcitabine
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prevent hepatic recurrence, a number of clinical studies

have investigated treatments including radiotherapy and

chemotherapy. However, to date, a definitive therapeutic

strategy has not been established. Liver perfusion chemo-

therapy (LPC) may be a promising strategy and has been

performed by several groups [19–25], with LPC being

carried out via the hepatic artery or portal vein, or both.

The authors of some of these studies claimed that LPC

prevented hepatic recurrence and prolonged patient sur-

vival. However, LPC has not been universally accepted as

adjuvant treatment for pancreatic cancer. This may be

because of its complicated surgical procedure and the

requirement for careful perioperative management [21].

Furthermore, because only a few prospective studies with

small numbers of patients have been reported, there is no

convincing clinical evidence of an overall survival

advantage of LPC [20, 21]. There are several advantages of

our treatment protocol. First, the regimen was well feasible

as an outpatient treatment. Patients were usually requested

to come to the hospital only once a week. Second, toxicities

were mild and general adverse effects were similar to those

experienced with the adjuvant treatment of gemcitabine

alone [7, 8]. Third, because the HAI was initiated when

patients had fully recovered from the surgery and because

the procedure was entirely performed by experienced

interventional radiologists, it did not require any surgical

manipulations. However, complications related to HAI can

occur, especially the development of liver abscess, and

caution needs to be exercised if an abscess develops,

because it sometimes requires invasive drainage and this

causes a long delay in the continuation of adjuvant che-

motherapy. Therefore, we always paid attention to the

condition of the liver and hepatic arteries, as well as the

catheter system, by checking computed tomography and

angiography via the reservoir system after each cycle of

HAI. Importantly, a close relationship between surgeons

and interventional radiologists and close communication

between them is critical for a successful outcome with

minimal complications.

To achieve long-term survival after surgical resection

for pancreatic cancer, both local recurrence and distant

metastasis need to be controlled. In general, distant recur-

rence is usually caused by hematogenous metastasis, while

local recurrence may be a result of infiltrative invasion by

the primary tumor or lymphatic metastasis [12–14]. Some

authors have reported that the survival of patients with liver

metastasis was shorter than that of patients with local

recurrence [12, 13]. Furthermore, an autopsy study by

Hishinuma et al. [16] has suggested that the direct cause of

death after potentially curative resection of pancreatic

cancer was distant metastasis rather than local recurrence.

On the other hand, Tani et al. [14] have recently reported

that liver metastasis as an initial site of recurrence did not

influence the overall patient survival. In fact, because many

patients have both local and distant recurrences, regional

therapy including LPC may be not sufficient to prevent

these two recurrence patterns. Thus, our treatment strategy

may be theoretically reasonable, because it consisted of

systemic chemotherapy with intensive regional chemo-

therapy targeting the most frequent recurrence site, i.e., the

liver.

The similar results from two RCTs might demonstrate

that adjuvant therapy can improve postoperative patient

survival. Compared with the results of the CONKO-001

and JSAP-02 trials, the beneficial effect of our treatment on

postoperative early recurrence appears to be greater

(Table 4) [7, 8]. In particular, initial hepatic recurrence was

markedly prevented, thereby possibly resulting in a 1-year

survival of 100%. Of note, a recent study using LPC with

5-FU followed by systemic gemcitabine has shown a

hepatic recurrence rate of 25.9% and a 1-year overall

survival rate of 81.5% [21]. There may be several reasons

why our treatment had a better impact on early postoper-

ative outcome than that study. First, we used high-dose 5-

FU for HAI. The total amount of 5-FU was approximately

13500 mg, given in 9 doses; this was much more than the

total amount used with previous treatment protocols [21–

26]. Second, we used weekly 5-h infusion for HAI. Thus, in

comparison with low-dose continuous infusion for several

weeks, an extremely high concentration of 5-FU in the

liver could have been achieved, thereby leading to the

death of occult micrometastatic tumor cells. Third, the

concomitant use of gemcitabine with 5-FU may have

induced a synergistic antitumor effect. In fact, both basic

and clinical studies have shown synergistic interaction

between 5-FU and gemcitabine [27, 28]. Although the

underlying mechanisms may be complex, there are several

possible explanations for this possible synergism. Thymi-

dylate synthase inhibitors such as 5-FU increase nucleotide

transporters, thereby resulting in augmentation of the cel-

lular uptake of gemcitabine. On the other hand, gemcita-

bine also enhances 5-FU activity through the inhibition of

deoxycytidine kinase and ribonucleotide reductase, a key

Table 4 Comparison of efficacy in terms of postoperative early

recurrence

Present

study

CONKO-001

[7]

JSAP-02

[8]

Number of patients 31 179 58

Initial hepatic recurrence

(%)

10 36 30

1-year DFS rate (%) 63 58 49

1-year OS rate (%) 100 73 78

CONKO-001 Charité ONKOlogie Clinical Studies in GI cancer,

JSAP-02 Japanese Study Group of Adjuvant Therapy for Pancreatic

Cancer, DFS disease-free survival, OS overall survival
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enzyme in the salvage pathway of pyrimidine biosynthesis.

These mechanisms are not mutually exclusive. To our

knowledge, this is the first study to evaluate the combi-

nation of systemic gemcitabine with high-dose 5-FU for

HAI as adjuvant treatment for pancreatic cancer.

In conclusion, our new postoperative adjuvant strategy

had a significant effect on the prevention of early hepatic

recurrence after pancreatic resection for pancreatic cancer.

To confirm the therapeutic efficacy of this regimen, long-

term follow-up and careful analysis of this study will be

crucial. Furthermore, a large-scale prospective study may

be required to prove the regimen’s overall survival

advantage.

Discussion at the plenary session of the 22nd Congress

of the Japanese Society of Hepato-Biliary-Pancreatic

Surgery, 27 May 2010

Comments by K. Yamaguchi

What was the completion rate for the treatment? How

many patients were required for dose reduction of the

chemotherapy? How did you treat patients who had

developed postoperative recurrence after completion of the

adjuvant chemotherapy?

Answer by M. Sho

Twenty-nine out of 31 patients completed the scheduled

adjuvant chemotherapy. One patient refused the continua-

tion of the treatment due to postoperative diarrhea. The

other patient developed peritoneal recurrence during the

treatment. Therefore, the treatment was switched to sys-

temic chemotherapy. The treatment sometimes had to be

postponed, mainly due to hematological toxicity. However,

none of the patients needed dose reduction. When the

recurrence had developed more than 6 months after the

completion of the adjuvant therapy, gemcitabine was given

again. If the patients had recurrence within 6 months after

the adjuvant therapy, S-1 was applied.

Comments by K. Aiura

Were there any unique characteristics in the two patients

who developed liver metastases as the initial recurrence? In

your series, have you experienced any cases in which

elevated preoperative carbohydrate antigen 19-9 (CA19-9)

had not returned to normal before starting adjuvant ther-

apy? In those cases, did the CA19-9 level decrease during

adjuvant therapy? The rate of postoperative pulmonary

recurrence seems relatively high. Do you think that the

incidence was related to the inhibition of hepatic

recurrence by the adjuvant therapy? What do you think

about the continuation of your adjuvant treatment for a

longer time than planned?

Answer by M. Sho

There were no specific clinical and pathological charac-

teristics in those two patients. In a few cases, the ele-

vated serum CA19-9 level before initiating adjuvant

therapy decreased to normal during the postoperative

treatment. It is possible that pulmonary metastasis as the

initial recurrence was found relatively more often

because of the inhibition of hepatic recurrence. However,

the pulmonary recurrence was usually found relatively

later after surgery and in some cases was successfully

treated with the subsequent chemotherapy using S-1 or

other combination chemotherapies. I think that adjuvant

chemotherapy should be limited to a certain postopera-

tive period, since a few patients might be completely

cured by surgery alone and postoperative chemotherapy

may be harmful.

Comments by S. Satoi

The completion rate of adjuvant therapy seems high in your

series compared to previous reports of the use of adjuvant

gemcitabine treatment. What do you think is the reason? It

seems that local recurrence should be the next target to

further improve patient survival. Are there any future plans

or ongoing studies to prevent local recurrence?

Answer by M. Sho

It may be because we started the treatment when patients

had fully recovered. And we properly skipped chemo-

therapy based on myelosuppression or the patient’s con-

dition. In addition, we routinely used cepharanthine to

prevent leukopenia due to chemotherapy. However, I’m

not sure about the exact reason why we could complete

the scheduled adjuvant therapy in most cases. To prevent

local recurrence, we are currently trying to establish a

new approach using neoadjuvant chemoradiotherapy fol-

lowed by curative-intent surgery and this adjuvant

therapy.

Acknowledgments We thank the following individuals for their

contributions to the discussion. Moderator: Tatsuya Aoki, Third

Department of Surgery, Tokyo Medical University; Commentators:

Koji Yamaguchi, Department of Surgery, University of Occupational

and Environmental Health; Koichi Aiura, Department of Surgery,

Keio University School of Medicine; and Sohei Satoi, Department of

Surgery, Kansai Medical University. We thank Ms. Kumiko Ya-

mamoto for her kind help with manuscript preparation. This work was

supported by the Japanese Foundation for Multidisciplinary Treat-

ment of Cancer.

J Hepatobiliary Pancreat Sci (2011) 18:235–240 239

123



References

1. Li D, Xie K, Wolff R, Abbruzzese JL. Pancreatic cancer. Lancet.

2004;363:1049–57.

2. Traverso LW. Pancreatic cancer: surgery alone is not sufficient.

Surg Endosc. 2006;20(Suppl 2):S446–9.

3. Schnelldorfer T, Ware AL, Sarr MG, Smyrk TC, Zhang L, Qin R,

et al. Long-term survival after pancreatoduodenectomy for pan-

creatic adenocarcinoma: is cure possible? Ann Surg. 2008;247:

456–62.

4. Ferrone CR, Brennan MF, Gonen M, Coit DG, Fong Y, Chung S,

et al. Pancreatic adenocarcinoma: the actual 5-year survivors.

J Gastrointest Surg. 2008;12:701–6.

5. Burris HA 3rd, Moore MJ, Andersen J, Green MR, Rothenberg

ML, Modiano MR, et al. Improvements in survival and clinical

benefit with gemcitabine as first-line therapy for patients with

advanced pancreas cancer: a randomized trial. J Clin Oncol.

1997;15:2403–13.

6. Hochster HS, Haller DG, de Gramont A, Berlin JD, Philip PA,

Moore MJ, et al. Consensus report of the International Society of

Gastrointestinal Oncology on therapeutic progress in advanced

pancreatic cancer. Cancer. 2006;107:676–85.

7. Oettle H, Post S, Neuhaus P, Gellert K, Langrehr J, Ridwelski K,

et al. Adjuvant chemotherapy with gemcitabine vs observation in

patients undergoing curative-intent resection of pancreatic can-

cer: a randomized controlled trial. JAMA. 2007;297:267–77.

8. Ueno H, Kosuge T, Matsuyama Y, Yamamoto J, Nakao A, Eg-

awa S, et al. A randomised phase III trial comparing gemcitabine

with surgery-only in patients with resected pancreatic cancer:

Japanese Study Group of Adjuvant Therapy for Pancreatic Can-

cer. Br J Cancer. 2009;101:908–15.

9. Barugola G, Falconi M, Bettini R, Boninsegna L, Casarotto A,

Salvia R, et al. The determinant factors of recurrence following

resection for ductal pancreatic cancer. JOP. 2007;8:132–40.

10. Hirano S, Kondo S, Hara T, Ambo Y, Tanaka E, Shichinohe T,

et al. Distal pancreatectomy with en bloc celiac axis resection for

locally advanced pancreatic body cancer: long-term results. Ann

Surg. 2007;246:46–51.

11. Kosuge T, Kiuchi T, Mukai K, Kakizoe T. A multicenter ran-

domized controlled trial to evaluate the effect of adjuvant cis-

platin and 5-fluorouracil therapy after curative resection in cases

of pancreatic cancer. Jpn J Clin Oncol. 2006;36:159–65.

12. Sperti C, Pasquali C, Piccoli A, Pedrazzoli S. Recurrence after

resection for ductal adenocarcinoma of the pancreas. World J

Surg. 1997;21:195–200.

13. Shibata K, Matsumoto T, Yada K, Sasaki A, Ohta M, Kitano S.

Factors predicting recurrence after resection of pancreatic ductal

carcinoma. Pancreas. 2005;31:69–73.

14. Tani M, Kawai M, Miyazawa M, Hirono S, Ina S, Nishioka R,

et al. Liver metastasis as an initial recurrence has no impact on

the survival of patients with resectable pancreatic adenocarci-

noma. Langenbecks Arch Surg. 2009;394:249–53.

15. Shimada K, Sakamoto Y, Sano T, Kosuge T. The role of para-

aortic lymph node involvement on early recurrence and survival

after macroscopic curative resection with extended lymphade-

nectomy for pancreatic carcinoma. J Am Coll Surg. 2006;203:

345–52.

16. Hishinuma S, Ogata Y, Tomikawa M, Ozawa I, Hirabayashi K,

Igarashi S. Patterns of recurrence after curative resection of

pancreatic cancer, based on autopsy findings. J Gastrointest Surg.

2006;10:511–8.

17. Tanaka T, Sakaguchi H, Anai H, Yamamoto K, Morimoto K,

Tamamoto T, et al. Arterial infusion of 5-fluorouracil combined

with concurrent radiotherapy for unresectable pancreatic cancer:

results from a pilot study. AJR Am J Roentgenol. 2007;189:

421–8.

18. Tanaka T, Sakaguchi H, Sho M, Yamamoto K, Nishiofuku H,

Nakajima Y, et al. A novel interventional radiology technique for

arterial infusion chemotherapy against advanced pancreatic can-

cer. AJR Am J Roentgenol. 2009;192:W168–77.

19. Beger HG, Gansauge F, Buchler MW, Link KH. Intraarterial

adjuvant chemotherapy after pancreaticoduodenectomy for pan-

creatic cancer: significant reduction in occurrence of liver

metastasis. World J Surg. 1999;23:946–9.

20. Lygidakis NJ, Sgourakis G, Georgia D, Vlachos L, Raptis S.

Regional targeting chemoimmunotherapy in patients undergoing

pancreatic resection in an advanced stage of their disease: a

prospective randomized study. Ann Surg. 2002;236:806–13.

21. Kurosaki I, Kawachi Y, Nihei K, Tsuchiya Y, Aono T, Yokoy-

ama N, et al. Liver perfusion chemotherapy with 5-fluorouracil

followed by systemic gemcitabine administration for resected

pancreatic cancer: preliminary results of a prospective phase 2

study. Pancreas. 2009;38:161–7.

22. Takeda S, Inoue S, Kaneko T, Harada A, Nakao A. The role of

adjuvant therapy for pancreatic cancer. Hepatogastroenterology.

2001;48:953–6.

23. Yamaue H, Tani M, Onishi H, Kinoshita H, Nakamori M, Yo-

koyama S, et al. Locoregional chemotherapy for patients with

pancreatic cancer intra-arterial adjuvant chemotherapy after

pancreatectomy with portal vein resection. Pancreas. 2002;25:

366–72.

24. Ishikawa O, Ohigashi H, Sasaki Y, Furukawa H, Kabuto T, Ka-

meyama M, et al. Liver perfusion chemotherapy via both the

hepatic artery and portal vein to prevent hepatic metastasis after

extended pancreatectomy for adenocarcinoma of the pancreas.

Am J Surg. 1994;168:361–4.

25. Ishikawa O, Ohigashi H, Imaoka S, Sasaki Y, Kameyama M,

Nakamori S, et al. Regional chemotherapy to prevent hepatic

metastasis after resection of pancreatic cancer. Hepatogastroen-

terology. 1997;44:1541–6.

26. Ohigashi H, Ishikawa O, Eguchi H, Takahashi H, Gotoh K,

Yamada T, et al. Feasibility and efficacy of combination therapy

with preoperative full-dose gemcitabine, concurrent three-

dimensional conformal radiation, surgery, and postoperative liver

perfusion chemotherapy for T3-pancreatic cancer. Ann Surg.

2009;250:88–95.

27. Rauchwerger DR, Firby PS, Hedley DW, Moore MJ. Equilibra-

tive-sensitive nucleoside transporter and its role in gemcitabine

sensitivity. Cancer Res. 2000;60:6075–9.

28. Correale P, Cerretani D, Marsili S, Pozzessere D, Petrioli R,

Messinese S, et al. Gemcitabine increases systemic 5-fluorouracil

exposure in advanced cancer patients. Eur J Cancer. 2003;39:

1547–51.

240 J Hepatobiliary Pancreat Sci (2011) 18:235–240

123


	Novel postoperative adjuvant strategy prevents early hepatic recurrence after resection of pancreatic cancer
	Abstract
	Background/Purpose
	Methods
	Results
	Conclusion

	Introduction
	Patients and methods
	Results
	Patient characteristics
	Toxicity
	Postoperative survival and recurrence patterns

	Discussion
	Discussion at the plenary session of the 22nd Congress of the Japanese Society of Hepato-Biliary-Pancreatic Surgery, 27 May 2010
	Comments by K. Yamaguchi
	Answer by M. Sho
	Comments by K. Aiura
	Answer by M. Sho
	Comments by S. Satoi
	Answer by M. Sho

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


